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In order to determine whether a specific subpopulation 
of epidermal cells selectively attaches to collagen sub-
strates in vitro, epidermal cell suspensions, obtained by 
trypsinization of guinea pig skin, were incubated on type 
I or type IV collagen-coated glass cover slips. It was 
noted, morphologically and by electronic volume mea-
surements, that small round cells, as opposed to the 
larger angulated flat cells, adhered to the collagen sub-
strates. To further characterize the attached cells, the 
percentage of basal cells was determined in the attached 
cell population and in the initial epidermal cell suspen-
sion. Basal cells were identified by indirect immunofluo-
rescence in 2 ways: (1) by the presence of pemphigoid 
antigen and (2) by the absence of upper cytoplasmic 
antigen, which is present in all keratinocytes except the 
basal cells. Whereas in the initial guinea pig epidermal 
cell suspensions about 50% of the cells were basal cells 
using either of these 2 criteria, 86-97% of the cells which 
adhered to the collagen substrates were basal cells. Hu-
man basal cells, as defined by pemphigoid antigen, also 
selectively adhered to the collagen substrates. 
Keratinocyte attachment to substrates in vitro has been 
investigated with regard to various parameters which include 
the species of origin of the cells [1-6], neonatal compared to 
adul t skin [3,4], substrate variation [1 ,2,5], and the requirement 
for fibronectin, a cell attachment protein for fibroblasts and 
some other cell types [7,8] but apparently not for epidermal 
cells [5]. It is not yet known whether a specific subpopulation 
of keratinocytes preferentially attaches to a substrate in vitro. 
This is an important question because the keratinocyte popu-
lation of the epidermis is heterogeneous and consists of basal 
cells, which contact the basement membrane zone in vivo, and 
of more differentiated cells, which are found above the basal 
cell layer and do not normally contact a connective tissue 
substrate. The answer to this question, therefore, could corre-
late an in vitro system with what is seen in vivo. A report by 
Moore and Karasek [9] suggested that not all keratinocytes 
attach equally well to a collagen gel at 24 hr. The attached cells 
under these condi t ions were enriched for germinative (basal) 
cells compared to the unattached cell population. However, 
since individual cells were not identified, it is not clear to what 
exten t nonbasal cells also attached to this substrate. 
· In order to characterize the individual cells which attach to 
various substrates in vitro, we used, in an indirect immunofluo-
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rescence assay, sera from patients with bullous pemphigoid to 
identify basal cells, and a serum containing antibodies to anti-
gens which are present in the cytoplasm of all keratinocytes 
except the basal cells to identify nonbasal cells. We were 
thereby able to directly demonstrate that basal cells, as opposed 
to nonbasal cells, selectively attach to various substrates in 
vitro. 
MATERIALS AND METHODS 
Tissue Culture M edium 
Dulbecco's Modified Eagle Medium with 10% fetal calf serum, HJO 
!.lg/ml gentamicin, 2.5 !.lg/ml amphotericin B, and 200 !.lg/ ml bovine 
serum albumin (BSA) was used throughout these studies. 
Collagen S ubstrates 
Type I collagen was prepared from the skins of lathyritic rats [10] 
and type IV from a murine sarcoma [11,12]. The collagens were dis· 
solved in an acetic acid solution and 10 !.lg of collagen in solution was 
added to a 22-mm" glass cover slip which was then air dried, placed in 
a 35-mm bacteriological plastic dish (Flacon, Cockeysville, MD), and 
sterilized by exposure to germicidal ultraviolet light overnight. For 
glass substrates, plain glass cover slips were put in 35-mm dishes and 
also exposed to ul traviolet light overnight. 
Epidermal Cell Suspensions 
A modification of the method of Sting! et al [13] was used to prepare 
epidermal cell suspensions. Adult Hartley guinea pigs were shaved, and 
cleaned with povidone-iodine solution and alcohol. Sections of skin 0.3· 
mm thick were obtained using a Castroviejo electrokeratome (Storz 
Surgical Instruments, St. Louis, MO). The skin strips were cut into 1 
em" pieces and floated epidermal side up on 0.5% trypsin (GIBCO 1: 
250) in phosphate buffered saline (PBS) for 45 to 60 min at 37°. The 
dermis and epidermis were separated and the isolated epidermis was 
agitated with a glass rod in medium. Cells were ftltered through a 20 !l 
pore Nitex nylon cloth (Tetko Inc., Elmsford, NY) , centrifuged, washed 
2 times with medium and filtered again thereby eliminating clumps of 
cells (and some very large cells). The resulting cell suspension consisted 
of small round cells (about 85%) and larger flat angulated cells. Between 
80% and 95% of the cells excluded trypan blue, with the permeable 
(damaged or dead) cells distributed approximately proportionately 
between the small and large cell populations. 
Human skin was obtained from an amputated leg and the same 
method was used to prepare the human epidermal cell suspension. 
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Cell Attachment 
A modification of the method of Murray et al [5] was used to measure 
cell attachement. Collagen-coated cover slips in 35-mm dishes were 
equilibrated with 2 ml medium at 34.5°, 5% C02, 95% air for 1 hr. Then 
0.1 ml of the cell suspension (containing approximately 1 x IOn cells) 
was added. Cells were incubated for 3 hr at 34.5°, 5% C02• The 
unattached cells were then washed off by pipetting off the medium and 
gently washing the cover slips twice with 2 ml (each wash) of PBS. The 
percentage of cells which attach to a substrate under these conditions 
is variable, but usually less than 25% [5]. The cells remaining on the 
cover slips (attached cells) were then characterized by immunofluores-
cence. In order to compare the characteristics of these cells to those of 
the starting cell population, an aliquot of the latter was placed on a 
glass or collagen-coated cover slip, and, without incubation, was air-
dried, gently heat-fixed, washed twice with PBS, then characterized by 
immunofluorescence. 
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Som e of the type I or IV collagen-coated cover slips with attached 
cells were left in culture for up to 2 weeks. These cells fo rmed a typical 
cobblestone-like epithelial pattern at 18 hr a nd formed a stratified 
squa m o us epithelium by 7 days. These stratified cells were stained red 
with a Rhodanile B stain [14]. Thus by morphologic and histochemical 
criteria, these cells were mainly keratinocytes. 
Cell Siz ing 
Cell volumes were determined electronically using a Coulter Counter 
and Channelyzer (Coul ter Electronics, Hialeah, FL) which was cali-
brated by latex beads of known size. At least 8000 cells were counted 
for the sizing of each cell population. Since morphologically roughly 
85% of the initia l cell suspension appeared to be small round cells, we 
sized this population of cells firs t and arbitrarily defined the volume 
range of "small cells" so that it included 85~ of the cells in this cell 
suspension. The 15% of cells larger than _th1s were defined as " large 
cells." Using these ranges, we then determmed t he percentage of small 
and large cells in the attached a nd unattached cell populations. 
Antisera 
Sera (labeled BPl, BP2, BP3) from 3 patients with bullous pemphi-
goid (BP) were used . to directly identify basal cells. BP sera contain 
antibodies to an a nt1gen m the lamma luc1da (located between the 
FIG 1. Appearance by phase contrast microscopy of guinea pig epi-
dermal cells. (A) Initial epidermal cell suspension. There are small 
round cells and larger fla t angulated cells. (B) Attached cells at 3 hr. 
The epidermal cell suspension is incubated on a collagen-coated cover 
slip for 3 hr, then the unattached cells are washed off, leaving the 
attached cells on the cover slip. Small round cells attach, and the larger 
flat and angulated cells, as well as those small cells which remain 
unat tached, are washed away. 
TABLE I. Percentage of small and large cells in the attached cell 
population and the unattached cell population after a cell 
suspension of epidermal cells is plated on a type l or type I V 
collagen substrate for 3 hr 
Type I collagen Type IV collagen 
Attached Unattached Auached Unattached 
Small cells 
210-945 p.:J 94" 79 94 74 
Large cells 
945-2205 p.:J 6 21 6 26 
" Each number represents the percentage of cells fitting in to each 
size category, and is the average of 2 experiments whose values varied 
less than 5%. 
FIG 2. Appearance by indirect immunoflu orescence of pemphigoid 
antigen on guinea pig epidermal cells. (A) Initial epidermal cell suspen-
sion . An a liquot of cells is air-dried on a cover slip and immunoflu ores-
cence is performed as described in the text. The majority of the small 
round cells display a psoitive fluorescence in a n asymmetric pattern, 
a nd most of the larger ce lls do not flu oresce. (B) Attached cells at 3 hr. 
The epidermal cell suspension is incubated on a collagen-coated cover 
slip for 3 hT, then the unattached cells are washed away, a nd indirect 
immunoflu orescence is performed on the attached cells using BP serum. 
Almost all attached cells fluoresce indicating that a high percentage of 
attached cells are basal cells (reduced from X 400) . 
basal cell plasma membrane and the basal lamina) of the basement 
membrane zone of the normal epidermis [15]. As judged by indirect 
immunofluorescence [16], BP sera bind to the basement membrane 
zone of stratified squamous epithelia of most, if not all , mammals and 
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of a wide variety of other vertebrates (17). Using indirect immunofluo-
rescence, we found that, in epidermal cell suspensions air-dried and 
acetone-fixed to glass cover slips, the BP antigen can be detected on a 
large number of cells, presumably basal cells. 
A serum (labeled UCYT-AB), from a normal individual, containing 
antibody to upper cytoplasmic antigen (UCYT-antigen) was used to 
indirectly identify basal cells. If a cell did not bind this antibody it was 
considered a basal ce ll , since UCYT-antigen is an antigen or group of 
antigen found in the cytoplasm of a ll keratinocytes except basal cells 
[ 18). 
Eight normal human sera were also used and served as negative 
controls. 
Immunofluorescence 
Cover slips with attached cells or with aliquots of the initial ce ll 
suspension were fixed in acetone at -20° for 30 sec, then rinsed 3 times 
with PBS and once with 4% BSA in PBS (4 % BSA/ PBS) . In order to 
reduce nonspecific fluorescence, normal goat serum at a 1:5 dilution 
was layered on the cover slips which were then incubated at room 
temperature for 30 min. The cover slips were then washed with 4% 
BSA/PBS and the human serum was applied (either BP serum, UCYT-
AB or normal human serum, aU diluted 1:10 with 4% BSA/PBS). The 
cover slips were incubated at room temperature for 30 min, then washed 
5 times with 4% BSA/ PBS. A fluorescein-isothiocyanate-conjugated 
goat anti-human IgG antibody (Cappel Laboratories, Cochranville, PAl 
was applied at a dilution of 1:40 for 30 min. The cover slips were washed 
again, once with 4% BSA/PBS, then 3 t imes with PBS, then air-dried 
and mounted on microscope slides using 90% glycerol 10% PBS. A Leitz 
Ortho II epi-illuminated tluorescent microscope was used to determine 
the percentage of cells with BP antigen or with UCYT -antigen. At least 
200 cells were counted on each cover slip. 
Cycloheximide Inhibition of Protein Synthesis by Epidermal Cells 
To distinguish between residual and newly synthesized antigens, the 
ce ll attachment procedure was carried out in the presence of cyclohex-
imide after preincubating the cell suspension with cycloheximide for 30 
min. To determine a dose of cycloheximide which would maximally 
inhibit protein synthesis, the epidermal cell suspension was incubated 
with a range of concentrations of cycloheximide for 30 min at 34.5°. 
The cells were then plated and 4,5- ''H leucine (New England Nuclear, 
Boston, MA) was added to the cultures which were then incubated for 
3 hr at 34.5°. The cells were washed with PBS, ul trasonicated, and the 
radioactivity precipitated by 10% trichloroacetic ac id was determined 
for each concentration of cycloheximide. The viability of the cells was 
estimated by trypan blue exclusion . It was determined that protein 
synthesis was maximally inhibited at a cycloheximide concentration of 
LO /lg/ ml and that concentrations as high as 50 Jlg/ml did not affect 
viab ili ty. We, therefore, used a concentration of 25 Jlg/ rnl to inhibi t 
protein synthesis during cell attachment. 
RESULTS 
Sizes of Attached and Unattached Cells 
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Morphologically, the freshly isolated guinea pig epidermal 
cell suspension, after filtration through 20 J.l. pore nylon mesh, 
consisted of single small round cells and larger angulated flat 
cells (Fig lA) . The cells that attached to the type I or type IV 
collagen substrates were predominantly small round cells (Fig 
lB). However, many small round cells also did not attach. To 
quantitate these observations, cells were allowed to attach to a 
type I or type IV collagen substrate for 3 hr and then the 
volume of each of the attached cells, and the unattached cells 
was measured. The cells were arbitrarily defined as either small 
cells or large cells. As shown in Table I, attachment tends to 
select for the smaller cells and leave unattached the larger cells; 
that is, the proportion of small cells is increased in the attached 
cell population and the proportion of large cells is increased in 
the unattached cell population. 
Almost all of the cells which attached to the substrates were 
impermeable to trypan blue, which suggests that the cells which 
attached were viable. Specifically, 98% of the attached cells 
were viable by this criterion, wher~as only 85% of the initial 
cell suspension and 80% of the unattached cells were viable. 
Identification of Attached Cells with Antibodies 
Direct characterization of cells was achieved with immuno-
fluorescence. Cells were considered to be basal if they bound 
antibodies from BP sera. When the initial guinea pig epidermal 
cell suspension was fixed on cover slips without incubation 
about 50% of cells were basal cells by this criterion (Fig 2A, 
Table II) . The cells which bound antibodies from BP sera were 
from the small round cell population, however, not ail of the 
small round cells were labelled. The cells which attached to the 
substrate after a 3-hr incubation were enriched markedly for 
cells which were BP antigen positive (Fig 2B). At least 86% of 
the attached cells on the collagen substrates were basal cells by 
this criterion (Table II). When human epidermal cells were 
used in this attachment assay, the BP antigen positive basal 
cell also adhered preferentially (Table II) . 
When the attachment procedure was carried out in the 
presence of cycloheximide, an inhibitor of protein synthesis, 
still greater than 90% of the cells which attached to collagen 
were BP antigen positive (Table II). Since the BP antigen is 
thought to be a glycoprotein [19,20] this result suggests that we 
are detecting residual, not newly synthesized, antigen. 
TABLE II. Percentage of basal cells in the initial epidermal cell suspension and in the attached cell population" 
Attached Cells % Basal Cells'· 
ExperimenL Type of Serum'' % Basal Cells' ' Epidermal Cell in Cell Suspension Type IV Type I 
Collagen Collagen Glass 
I Guinea pig BPI 47 92 96 ND" 
2 Guinea pig BPI 50 89 96 83 
BP2 51 87 96 81 
BP3 51 86 96 70 
UCYT-AB 48 87 87 64 
3 Guinea pig BPl ND 90 95 82 
BP2 ND 86 97 71 
UCYT-AB ND 88 ND 82 
4 Human BP1 24 90 94 ND 
5 Guinea pig with cyclo- BPI 54 95 94 ND 
heximide'' 
6 Guinea pig with cyclo- BPl ND 93 98 NO 
heximide" 
" Guinea pig epidermal cells in suspension were allowed to attach for 3 hr to type IV collagen, type I collagen or glass. Human epidermal cells 
were a llowed to attach for 5 hr to type IV or type I collagen. 
1
' BP, bullous pemphigoid serum; UCYT-AB, serum with antibodies to upper cytoplasmic antigen. 
··Basal cells were defined as cells having positive immunofluorescence with BP sera or cells which did not display fluorescence when stained 
with UCYT-AB. In both cases cells were counterstained with a fluorescein conjugated goat anti-human IgG. 
" ND, not done. 
··The epidermal cell suspension was incubated with cycloheximide, 25 /lg/rnl, for 30 min at 34.5°C, then plated, still m the presence of 
cycloheximide, on the appropriate substrate and allowed to attach for 3 hr. 
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FrG 3. Appearance by indirect immunoflu orescence of upper cyto· 
plasmic antigen in guinea pig epidermal cells. (A) Initial epidermal ce ll 
suspension. The large r ce lls display a bright diffuse flu orescence 
whereas the smaller cells do not fluoresce in comparison. (B) Attached 
cells at 3 hr. Very few attached cells flu oresce. Since this antigen is 
present only in ce lls other than basal cells, it is clear that most of the 
attached cells are basal cells (reduced from X 400) . 
Further characterization of epidermal cells was achieved with 
an antiserum to UCYT-antigen. Since this antiserum binds to 
the cytoplasm of all keratinocytes except basal cells, the absence 
of UCYT-antigen was used to define the basal cell. Using this 
antiserum our results were comparable to those obtained using 
the BP sera, specifically about 48% of the freshly isolated guinea 
pig epidermal cells were basal cells, whereas 87% of t he cells 
attached to collagen substrates were basal cells (Fig 3 and Table 
II). 
The cells which attached to uncoated glass cover slips were 
also enriched for basal cells, however, more BP antigen negative 
and UCYT-antigen positive cells attached to glass as compared 
to collagen substrates (Table II). 
DISCUSSION 
Using this in vitro cell attachment system, we found that a 
subpopulation of small round cells from the cells of an epider-
mal cell suspension attached to collagen substrates. This sug-
gested to us that basal cells might be selectively attaching. 
Basal cells were specifically identified by immunofluorescence 
as cells with the bullous pemphigoid antigen or lacking upper 
cytoplasmic antigen. Using these criteria we showed that the 
epidermal cells which selectively adhere to type I or type IV 
collagen substrates are basal cells. Therefore, even though the 
plating efficiency of epidermal cells varies depending on the 
type of collagen substrate used [5], we found that on type IV or 
I collagen (or even on glass) the basal cells preferentially attach 
compared to other cells of the epidermis. 
Epidermal cell attachment to substrate may be important in 
terms of differentiation. There is evidence to suggest that 
epidermal cells tend to differentiate terminally if separated 
from their mesenchymal substrate, and that contact with this 
substrate is important in preventing terminal differentiation 
and cell death. McLoughlin [21] showed morphologically that 
cells in the epidermis of chick embryos stopped proliferating 
and differentiated terminally in the absence of contact with 
mesenchyme, but in its presence proliferation continued and 
the basal layer was maintained. Briggaman and Wheeler [22] 
showed that adult human epidermis required contact with the 
dermis (even if the dermis was made nonviable by freezing and 
thawing) in order to maintain a proliferating basal layer. In the 
absence of direct contact with the dermis, the basal layer no 
longer incorporated tritiated thymidine and the epidermis de-
generated. Green [23] has shown that human epidermal cells 
will cease to multiply and terminally differentiate if placed in 
suspension culture. Morrissey and Green [24] have shown that 
cells from a keratinocyte line from a mouse teratoma will 
rapidly lose colony-forming ability in suspension culture. It 
seems, therefore, that basal cell contact with a substrate is 
important in maintaining its proliferative capacity and, perhaps, 
in preventing its terminal differentiation. It is therefore of 
interest that compared to the other epidermal cells, the basal 
cell has a special affini ty for a substrate which might in turn 
influence its behavior. 
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